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Abstract 
In this work, we demonstrate the cell efficiency improvements by means of some technologies, which include 
reactive ion etching (RIE) texturing, selective emitter (SE), double printing (DP), and light induced plating (LIP). 
Besides, some potential issues to transfer these technologies into mass production are also discussed. 
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1. Introduction 
In the past few years, photovoltaic industry has been developing vigorously in an enthusiastic market 
environment. Although the global financial crisis happened in the end of 2008, the growth rate of the PV 
market still showed 20~30% in 2009 and over 100% in 2010. At the same time, the efficiency of the 
crystalline Si solar cell has been getting higher as a result of processes and materials improvement. In 
order to reach the goal of grid parity as soon as possible, further enhancement on the cell performance is 
essential.  
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As a cell manufacturer reaching 1GW+ in annual mass production volumes, we have to evaluate all 
exciting and new cell concepts and processes. In addition, we should take a cautious route from R&D 
stage to the mass production line, ensuring the cell efficiency improvement along with the cost reduction 
strategies. Other key concerns include the FAB yield, throughput, productivity, performance at the 
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module level…etc. In this work, we exhibit the cell efficiency improvements of some technologies, which 
include reactive ion etching (RIE) [1-2] texturing, selective emitter (SE) [3], double printing (DP) [4], and 
light induced plating (LIP) [5]. Besides, some issues encountered during the development of these 
technologies are also discussed. 
 
2. Results and Discussions 
2.1. Reactive ion etching (RIE) texturing 
To texture the sunny side surface of a solar cell by reactive ion etching (RIE) is one of the methods to 
further decrease the reflectance of the incident sunlight and increase the light trapping in the Si bulk 
compared to the conventional wet chemical etching [6]. In Fig. 1(a), it’s apparent that the RIE-textured 
cell exhibits much lower reflectance than the conventional acid-textured cell. Although after the SiNx 
deposition the reflectance difference gap decreases, the RIE-textured cell still demonstrates lower 
reflectance in some wavelength region.  
 
 
Fig. 1 The reflectance of the acid-textured and RIE-textured multi cell (a) after texturization (b) after SiNx deposition 
 
(a) (b) 
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Fig. 2(a)-(c) The SEM images of the RIE-textured surface after DRE; (d) before DRE 
 
The main reason for the lower reflectance of RIE-textured surface results from its surface nano 
structure as shown in the Fig. 2(a)~(c) [7]. The size of this needle-like structure is in the range of 150nm 
~ 500nm, depending on the RIE treatment conditions. Besides, the DRE (damage remove etching) after 
the RIE treatment is another important step in order to remove the damaged layer and the residuals on the 
surface as we could see in the Fig. 2(d). Other concern with the RIE-texturing is the ability of such a 
surface to withstand the subsequent processing including the diffusion uniformity tuning, SiNx deposition 
rate adjustment and screen printing Ag paste selection. With all these processes optimized, we could 
obtain the cell performance gain from the RIE-textured surface as listed in the Table 1. The cell efficiency 
gain mainly comes from the Jsc increment. 
 
Table 1. The average performance of the acid-textured and RIE-textured multi cells 
Conditions Eff. (%) 
FF 
(%) 
Voc 
(V) 
Jsc(mA/cm
2) 
 
Acid-textured 
RIE-textured 
16.84 
17.27 
78.43 
78.41 
0.620 
0.620 
34.59 
35.43 
 
 
 
2.2. Selective emitter (SE) 
Selective emitter (SE) is the technology that people have been talking about for the high efficiency 
solar cell design even until now [8-9]. The elemental concept of this technology is forming two regions of 
emitters with different sheet resistance. Higher sheet resistance region is under the passivation layer as a 
shallow emitter which could gain Jsc from the short wavelength range. On the other hand, the lower sheet 
(a) (b) 
(c) (d) 
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resistance region is under the metal line as a good ohmic contact area.  Many vendors have announced 
various feasible SE technologies along with their equipments or materials as listed in the Table 2.  
 
Table 2. List of different SE technologies with different vendor suppliers 
Supplier  SE Technology 
Centrotherm  
Schmid  
Manz 
Rena 
Roth&Rau 
AMAT/Honeywell 
Innovalight 
Varian 
 Laser doping from PSG layer 
 Emitter etching back 
 Laser doping from PSG layer 
 Laser chemical printing  
 Selective laser doping from spray-on phosphorus coating  
 Screen printing of dopant paste 
 Screen printing of silicon doping ink 
 Selective ion implanted emitter 
 
    Different SE approaches will lead to different performance and cost balance. In our experience, the 
concept of SE design works, but the high cost is a concern. We still keep looking among these SE 
approaches and waiting for the right answer. On the other hand, the power output at the module level with 
SE cells is another matter that needs attention. In addition, as the front side Ag pastes keep improving to 
get better contact on the shallower emitter, the gap between the homogenous emitter and SE will become 
less. However, we have also developed our own SE technology a couple years back using the so-called 
“Two-step diffusion” approach [10-11]. The performances of our SE cells are listed in Table 3 and the 
EQE results are also demonstrated in the Fig. 3.  
 
Table 3. The performances of our REF-mono and SE-mono cells 
Conditions Eff. (%) 
FF 
(%) 
Voc 
(V) 
Jsc 
(mA/cm2) 
 
REF-mono 
SE-mono 
18.35 
18.57 
78.33 
77.40 
0.632 
0.641 
37.05 
37.30 
 
 
 
 
 
Fig. 3 The EQE behaviours of our REF-mono and SE-mono cells 
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2.3. Double printing (DP) 
As the equipment vendors started to provide the metallization system for the double printing 
application since the end of 2009, the development of this technology by the cell makers became more 
and more ardent [4]. The concept of DP is to print fine finger lines with high aspect ratio, which could not 
be accomplished by the conventional single screen printing. The SEM cross-section images of the 
conventional single printing and double printing fingers are shown in Fig. 4 (a) and (b).  
 
 
Fig. 4 The SEM cross-section images of the (a) conventional single printing and (b) double printing finger 
 
Table 4. The performances of the double printing cells and single printing cells 
Conditions Eff. (%) 
FF 
(%) 
Voc 
(V) 
Jsc 
(mA/cm2) 
 
Single printing cells 
Double printing cells 
16.79 
17.00 
76.92 
77.03 
0.618 
0.620 
35.26 
35.59 
 
 
In addition, the silver paste suppliers also took advantage of this opportunity to launch two kinds of 
paste for a better contact formation and lower grid line resistivity, respectively. The contact resistivity of 
this DP first layer paste is around 2.04 mΩ-cm2 which is lower than the reference one (3.85 mΩ-cm2) in 
our experiment. On the other hand, DP is a relatively less complicated process compared to the other new 
technologies as we integrate it into the conventional production line. Based on these advantages 
mentioned above, DP is quite a potential fine line approach and the previous results that we have done are 
listed in Table 4. The sheet resistance of the emitter in this experiment is in the range of 55~65 Ω/□. 
However, the misalignment phenomenon between the two screens gets more and more serious as the 
printing time increases, which is quite a critical concern and may result from the different tension 
distortion between the two conventional used stainless steel screens. More efforts need to be focused on 
the screen selection for the mass production. 
 
2.4. Light induced plating (LIP) 
Light induced plating is another alternative approach for the high aspect ratio fine line metallization 
[12]. It is composed of a printed seed layer and a plated silver layer with lower line resistivity compared 
to screen printing one. Fig. 5 exhibits the finger cross-sectional images before and after LIP process step 
with two kinds of seed layers. The plated layer obviously exhibits denser microstructure compared to the 
printed seed layer, as shown in Fig.5 (b), which would contribute to a better conductivity and soldering 


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ability [13]. The gridline resistivity of the LIP cell is around 2.56 μΩ-cm which is lower than the screen 
printing cell (4.30 μΩ-cm). The isotropic growth is the nature of this technology and the final shape 
highly depends on the initial seed layer appearance, as also demonstrated in Fig. 5. However, the 
characteristic of isotropic growth is also the limitation of LIP in that the width of seed layer needs to be as 
narrow as possible to reach the final fine line. In addition, the wet chemical plating process is a potential 
contamination source to the cell. Table 5 exhibits the characteristics of the LIP cells and normal screen 
printing cells, and higher Jsc could be obtained by the LIP cells, which results from the less shading ratio. 
 
 
Table 5. The performances of the screen printing cells and LIP cells 
Conditions Eff. (%) 
FF 
(%) 
Voc 
(V) 
Jsc 
(mA/cm2) 
 
Screen printing cells 
LIP cells 
16.43 
16.79 
77.08 
77.37 
0.621 
0.623 
33.42 
34.84 
 
 
 
 
Fig. 5 The SEM cross-section images of the (a)(c) seed layers and (b)(d) seed layer + LIP layer 
 
3. Conclusion 
In this article, we introduce some current results and discussions of the reactive ion etching (RIE), 
selective emitter (SE), double printing (DP), and light induced plating (LIP) from our evaluation and 
development. Reasonable gain is obtained and potential risks of these technologies are also discussed. In 
(a) (b) 
(c) (d) 
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order to continuously improve the cell efficiency to reach the goal of grid parity, further studies and 
testing on these and other new technologies are necessary. 
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